SOLVENT EXTRACTION STUDIES OF 10% TBP FLOWSHEETS USING IRRADIATED

ABSTRACT
Two solvent extraction experiments were made In the Solvent Extraction Test Facility (SETF) during Campaign 10 to continue the evaluation of (1) a computer control system for the coextractlon-coscrub contactor, and (2) a partitioning technique that separates uranium and plutonlum without the aid of chemical reductants. The Fast Flux Test Facility (FFTF) fuel used in this campaign had burnups of ~55 and ~60 (average) MWd/kg. During both experiments, the computer control system successfully maintained stable, efficient operation. The control system used an in-line photometer to monitor the plutonlum concentration in the extraction section; and based on this data, it adjusted the addition rate of the extractant to maintain high loadings of heavy metal In the solvent and low raffinate losses. The uranium and plutonlum partitioning relied entirely on the differences between the U(VI) and Pu(IV) distribution coefficients (since no reductant was used to adjust the plutonlum valence). In order to enhance this difference, the TBP concentration and operating temperature were relatively low in comparison to traditional Purex flowsheets. Final product purities of 99% were achieved for both the uranium and plutonlum in one cycle of partitioning. This report describes the two solvent extraction experiments that were made for Campaign 10. The work on using a nitric acld-TBP system to partition uranium and plutonlum without reducing Pu(IV) to Pu(III),8 which was started in the previous campaign,^ was continued in these tests. In order to better achieve this separation, a relatively low TBP concentration was selected for the solvent, 10 vol %, in place of the 20 to 30 vol % that is traditionally used in fuel reprocessing plants. Of course, this lower TBP concentration requires higher solvent flow rates to achieve the same plant throughput; but. If adequate separation can be achieved without a plutonlum valence adjustment, plant operation may be greatly simplified. In many plants, the valence adjustment is accomplished by adding chemical reductants, e.g., U(IV) or hydroxylamlne (HAN) stabilized with hydrazine. Because of the high concentration of plutonlum in breeder fuels (~20% of the heavy metals) relatively large amounts of these reductants are required. Then, after the separation is accomplished, additional process steps must be used to remove any excess chemicals and to readjust the plutonlum valence for further processing.
Moreover, these chemicals are highly reactive and may require special safety controls for the plant.
The evaluation of an automatic control system for the extraction bank,^»^ which was started in Campaigns 8 and 9, was also continued In Campaign 10. The objective of the control system was to maintain a high operating efficiency by maximizing the loading of heavy metals (uranium and plutonlum) into the organic phase in the extraction contactor while still maintaining low losses of heavy metals to the raffinate. The control system worked by measuring the uranium and plutonlum concentration in an intermediate stage in the extraction bank (monitored variable) using an In-line photometer and then varying the addition rate of the extractant (controlled variable) to maintain the plutonlum concentration within a desired range that should yield good results.
The fuel used in the first experiment had a burnup of ~55 MWd/kg and had been discharged from the FFTF In May 1983; the fuel for the final run consisted of a mixture of fuel pieces that had burnups of ~2, ~36, ~55, and ~90 MWd/kg (average burnup of ~60 MWd/kg) and cooling times of 5.2, 3.4, 3, and 2 years, respectively.
The processing steps used in this campaign Included: (1) dissolution of the fuel in nitric acid (HNO3), (2) clarification of the dissolver solutions by filtration, (3) adjustment of the dissolver solution to the proper concentrations and plutonlum valence for solvent extraction, (4) solvent extraction processing with partitioning of the uranium and plutonlum, (5) purification of the plutonlum by nitrate-based anion exchange, and finally (6) conversion of the plutonlum to an oxide form by oxalate precipitation and calcination.
EQUIPMENT AND OPERATIONAL PROCEDURES
Most of the major equipment items and general operating procedures used in Campaign 10 were similar to those used before and described for previous campaigns. A description of the general layout and equipment, and operation of the solvent extraction contactors is given in ref. In each of the three runs (9-3, 10-1, and 10-2) the conditions used in the coextractlon-coscrub contactor (A-bank) were similar with respect to the organic solvent, the operating temperature, the acid molarity of the scrubs, the arrangement of the stages, and the algorithm for the automatic control system. The only notable difference was in the type of fuel processed for each run 90 MWd/kg, ~55 MWd/kg, and ~60 MWd/kg (average) for Runs 9-3, 10-1 and 10-2, respectively.
In Runs 9-3 and 10-1, partitioning was accomplished in B-bank without using a plutonlum reductant. The separation relied entirely on the rela- In Run 10-2, both B-bank and C-bank were used for partitioning. The primary goal In that arrangement was to make (1) a plutonlum product containing <1 to 2 % uranium (U DF >100), and (2) a uranium product containing <1 ppm plutonlum (Pu DF >2E5), which is equivalent to <100 nCi of Pu per gram of U. The uranium product could then be considered nontransuranic, based on current regulations of the federal government, which could greatly simplify subsequent processing or disposal (depending on whether the uranium was designated as a product or waste). The bulk of the separation was accomplished in B-bank using a nonreductant flowsheet similar to Runs 9-3 and 10-1 In order to make the plutonlum product (HBP).
Residual plutonlum in the solvent from B-bank (HBU) was removed in C-bank with a HNO3 solution containing the reductant, HAN. In a reprocessing plant, the solvent from the C-bank (HCW) would be taken to a fourth contactor for recovery of the uranium with a dilute HNO3 strip; however, the SETF has only three contactors, so this step was omitted In our demonstration. The aqueous stream from C-bank (HCP) would be recycled back to the feed tanks after treatment to remove HAN and to adjust the plutonlum valence. In order to minimize the amount of uranium that was stripped
Into this rework stream, a relatively large organic to aqueous phase ratio was used and a large excess of HAN (relative to that needed for plutonlum reduction) was included to act as an inextractable nitrate salt. It should be noted that the C-bank contactor was considerably oversized for its Intended use in this run-a reprocessing plant would probably need only one-half to one-fourth the number of stages used for this run.
EXPERIMENTAL RESULTS AND DISCUSSIONS OF SOLVENT EXTRACTION TESTS
COEXTRACTION-COSCRUB CONTACTOR
The coextractlon-coscrub bank was again operated at high loadings of heavy metals by using the in-line photometer and computer control system that was originally developed In Campaigns 8 and 9. The in-line photometer measured the plutonlum concentration in the solvent from an intermediate stage in the extraction section (Stage 12), where the heavy metal Inventory was changing in response to flowsheet variations. During startup, the addition rate of the extractant (HAX) was set at ~60% of the design rate in order to more quickly bring the extraction bank to steady state conditions. When plutonlum was detected by the photometer, manual adjustments were made to smoothly bring the system near the desired operating range. At that point, the control system was activated, and the control algorithm used the plutonlum concentration data to calculate the appropriate changes in the HAX flow rate in order to maintain the plutonlum concentration near the desired set point value. All other streams (HAF, HAS, and HAIS) were kept as constant as possible. The control constants in the algorithm were not changed from those used in Run 9-3 (see ref . 7 for details). The only difference between the two sampling periods was the phase that was taken-organic phase at 19 h and aqueous phase at 27 h. The sampling of the organic phase had a relatively small Impact on the contactor operation, which the control system easily corrected. However, sampling of the aqueous phase caused a much greater perturbation because the concentrations of heavy metals in the aqueous phase are much larger and the aqueous flow rates are lower; consequently, sampling the aqueous phases takes more heavy metals from the contactor which are then replaced more slowly. The control system appeared to respond properly to this perturbation; and in spite of a transient electronic problem that forced a return to manual control for ~15 min during this period, the computer probably would have eventually brought the plutonlum concentration back to the set point.
Unfortunately, the run ended before this was demonstrated.
For Run 10-2, the set point was lowered from 6 to 5 g of Pu/L to help ensure low cumulative losses to the raffinate. Samples from Run 10-1, had
shown that the aqueous losses increased from --0.04% to -^.2% when the Stage 12 plutonlum concentration Increased from ~5 g/L to ~10 g/L. The automatic control system was started after -^.5 h of operation. Sampling profiles were not taken during this run and no known upset occurred. This run was the first in the SETF in which the control system maintained very stable operation during the entire run.
These tests show that, once the contactor has achieved near steadystate conditions, the control algorithm in its present form can maintain good control for a normally operating mixer-settler contactor. However, whether this system can correct for significant upsets is still unknown.
The overall losses of uranium and plutonlum to the aqueous raffinate (HAW) were low for each of the three runs with 10% TBP (Table 1) , averaging 0,008% and 0.06% for uranium and plutonlum, respectively. These results are reasonably consistent with losses measured for previous runs with 30% TBP, which had averaged ~0,03% and -0.02% for uranium and plutonlum, respectively. RUN TIME (h) Table 3. 14 Table 3 . Partitioning results for Runs 9-3 and 10-1 using a single partition contactor Run number 9-3A 9-3B 10-1A 10-lB No additional separation of U-Pu occurred in the uranium strip bank (C-bank); essentially all the residual plutonlum in the solvent from the partition contactor was stripped with the uranium (Table 4) . As a result, the plutonlum content in the waste solvents was quite low, ranging from 5 to 8 yg/L (ppb), while the uranium product contained 17 to 22 mg/L (ppm) nlutonlum. Table 1 ). The plutonlum DF for the final uranium product (HCW) was >4 x 10** which is similar to that measured for reductive partitioning in B-bank alone (Run 9-2).
However, this two step technique still has the advantage of recovering the plutonlum product (1) without having to rely on a sensitive chemical reaction and (2) in a clean HNO3 solution that requires no further treatments.
The HAN that was used in C-bank was included primarily as an inextractable nitrate salt to lessen the amount of uranium stripped, since the amount of plutonlum sent to C-bank was quite small. 
PLUTONIUM PURIFICATION AND OXIDE CONVERSION RESULTS
The aqueous plutonium product solutions that were recovered from the solvent extraction processing were each purified by one cycle of anion exchange and then converted to the oxide form by an oxalate precipitationcalcination step. Table 6 lists the activity levels of the major gammaemitting isotopes that were measured in the final plutonium oxide product and the overall DF values achieved by the combined processing steps of solvent extraction, anion exchange, and oxalate precipitation, which were made in the high-activity hot cells. The oxide products contained a total of 399 g of plutonium, which represents ~79% of the plutonium originally measured in the dissolver solutions. Table 6 . Radioactivity levels of fission product radionuclides in the plutonium oxide products and the overall DF values achieved The in-line photometer has continued to yield excellent real-time data on the heavy-metal concentrations in the extraction system. Although the existing out-of-cell electronics were not as reliable as desired, the sampling technique appears to be sound. The computer control system, which uses the data from the in-line photometer (input variable) to determine the appropriate changes in the solvent addition rate (output variable), was able to maintain steady, efficient control of the extraction contactor with no major process upsets during normal operations. However, the length of each test was relatively short because of safeguard restrictions that limited the amount of feed for each run; as a result, a systematic study of the control characteristic of the system was not possible.
Partitioning in 16-stage mixer-settlers without a reductant yielded product purities of at least 99% for both uranium and plutonium (U and Pu DFs in the range of 100 to 1,000). Although previous results using HAN reductant have typically given product purities of 99.99% (DFs of 10,000), the nonreductant system was much simpler. In addition, the design and operation of a large reprocessing plant may be further simplified if the potential safety concerns associated with HAN are eliminated from the flowsheet. As a result, if the product specifications are not too extreme, the nonreductive flowsheet may still be an attractive method to consider. 
